13 Inflammatory bowel disease (IBD) is a disease with recurring 14 gastrointestinal symptoms. Lymphocytes and mast cells are proposed as 15 important components in the immunopathology of IBD in dogs. Mast cells 16 depend on degranulation, a process that compromises mucosal 17 permeability and normal intestinal barrier function, which alters the normal 18 inflammatory process by allowing recruitment of lymphocytes in dogs with 19 IBD. In this study, T and B lymphocyte populations and mast cells were 20 examined in situ in 39 intestinal samples of dogs affected by IBD, by 2 21 immunohistochemistry. Both T lymphocytes and mast cells numbers were 22 significantly higher in the lamina propria of the intestinal wall of dogs with 23 IBD compared with control dogs. Out of the total number of mast cells 24 detected by CD117 expression significantly less cells appear to be 25 granulated according to granule staining with Toluidine Blue, suggesting 26 that an important degranulation process takes place in IBD. Single and 27 double immune staining for tryptase and chymase showed that mast cells 28 can express only one or both enzymes. Tryptase positive cells were 29 significantly higher in number that chymase positive and 30 tryptase/chymase positive cells. T lymphocytes were concentrated mostly 31 at the upper portion of the intestinal villi lamina propria while mast cells 32 were distributed mainly among crypts. These results suggest that 33 populations of T lymphocytes and mast cells play a role in the 34 immunopathology and development of IBD in dogs, also these changes 35 could be helpful as complementary indicators of canine IBD. 36 37 Keywords: dog; inflammatory bowel disease; immunohistochemistry; T 38 lymphocytes; mast cells 39 40 42 disorders characterized by persistent or recurring gastrointestinal 43 symptoms with histologic evidence of inflammatory cell infiltration (1). 3 44 There are different forms of IBD in dogs, depending on the main cell type 45 involved and the affected portion of the intestine where the infiltration 46 takes place, being lymphocytic-plasmacytic enteritis the most common 47 form (2). The etiology of IBD remains unknown. Several studies suggest 48 that these diseases result from inappropriate immune responses to the 49 intestinal microbiome in genetically susceptible individuals (3-6). There 50 are several factors involved including microbiome, environmental factors, 51 genetic predisposition, and changes in the immune response of the 52 individual, which may lead to loss of tolerance to the endogenous flora 53 and the development of chronic inflammation of the gastrointestinal tract 54 (7,8). 55 Different studies (9-12) suggest that a primary defect in the 56 recognition of commensal bacteria or bacterial pathogens in the intestinal 57 lumen, may lead to an increase in the production of IL-23, that induce 58 naïve T cells to differentiate into T-helper (Th) lymphocytes, which release 59 large amounts of proinflammatory cytokines (13,14). Theses cytokines 60 damage the intestinal epithelium, allowing other pathogens to invade the 61 lamina propria, driving more naïve T cell to differentiate into Th cells (4). 62 Kleinschmidt and colleagues reported the increase of Th lymphocytes in 63 IBD dogs, finding that lymphocytic-plasmacytic enteritis is mediated by 64 Th1 lymphocytes, while eosinophilic gastroenteritis is mediated by 65 hypersensitivity reactions modulated by Th2 lymphocytes, suggesting 66 that there are different pathologic mechanisms (15). However, Heilmann 67 and Suchodolski mentioned that in contrast to the results in human IBD, 4 68 a distinct T-helper lymphocyte profile has not been clearly demonstrated 69 to exist in canine or feline inflammatory bowel disease at this time (16). 70 Overall, these studies evidence the importance of T lymphocytes in the 71 adaptive immune system response during the development of IBD in 72 dogs. 73 Besides T lymphocytes, B cells had been related to immunologic 74 abnormalities in IBD in dogs too, but their number is usually lower 75 compared with T lymphocytes (17). B cells perform several immunological 76 functions but have been considered mainly as positive regulators of 77 immune responses and central contributors to the pathogenesis of 78 immune-related diseases because of their ability to produce antibodies, 79 especially during the period between innate and adaptive immunity 80 (18,19). The initial event that drives naïve cells to differentiate in B cells 81 in IBD remains unknown, however, abrogation of the oral tolerance to 82 commensal bacteria, lymphoid neogenesis, and hyperplasia in lesions 83 may be involved (20). 84 Different molecular markers are used to determinate the populations 85 of lymphocytes existing in the intestinal mucosa. The cluster of 86 differentiation 3 (CD3) is a protein complex located on T lymphocyte cell 87 surface and makes an ideal target for T lymphocyte in tissue sections. For 88 detecting B cells, CD79a which is expressed by B lymphocytes during 89 differentiation form early pre-B cell stage through to plasma cells, makes 90 it a useful marker for mature B lymphocyte (21), or CD20, which is 91 expressed in pre-, naïve and mature B-lymphocytes (22). 5 92 In addition to lymphocytes, mast cells and its mediators have also 93 been associated with the pathogenesis of IBD. Mast cells are 94 haematopoietic cells that arise from bone marrow and develop into 95 mature mast cells under the influence of local growth factors, in particular, 96 stem cell factor (SCF) (23). SCF, the ligand for the CD117/c-Kit receptor, 97 is essential for mast cell proliferation, development, migration, survival 98 and mediator release (24). Normally, mast cells can be found close to 99 blood vessels or nerves beneath epithelial surfaces, where these cells are 100 stimulated by environmental antigens (25). Within seconds of stimulation, 101 mast cells can undergo degranulation, rapidly releasing pre-formed 102 mediators present within cytoplasmic granules, including histamine, 103 proteases, and tumor necrosis factor-alpha (TNF-a) (26). This affects the 104 intestinal barrier function by increasing mucosal permeability. GI mast cell 105 can contribute to an ongoing inflammatory process in the GI tract, allowing 106 recruitment of granulocytes and lymphocytes to the site of the infection 107 (27). Also, it had been speculated that interaction between commensal 108 bacteria and mast cells affects the gastrointestinal barrier, promoting 109 mucosal penetration of pathogens in the intestinal lamina propria 110 perpetuating tissue damage and adaptive immune cells infiltration (28).
177
For antigen retrieval, slides were incubated for 20 minutes in citrate buffer 178 (pH6.0) for CD3 and CD79a, or 15 minutes in proteinase K for CD117.
179
Endogenous peroxidase was quenched with 3% hydrogen peroxide for 180 15 minutes. Non-specific binding was blocked by incubating slides for 20 181 minutes with a 2.5% normal horse blocking serum. Slides were incubated 182 with the following primary antibodies: CD3 diluted 1:50 for 30 minutes, were scored based on a scale from 0 to 3 as follows: normal (0), mild (1), 206 moderate (2) and marked (3). Then, each parameter was assigned an 207 importance factor (45,46) of 1 to 3 according to its histopathological 208 relevance. We gave the maximal score to lacteal dilation, intraepithelial 10 209 lymphocyte (IEL) and lamina propria lymphocyte infiltration compared to 210 other features like fibrosis, villous stunting, epithelial injury and crypt 211 distension. Also the height and width in both villi and lacteals was 212 evaluated to assess villous stunting and crypt distention, as mentioned 213 before (47). The assigned importance factor was multiplied by the score 214 obtained in the first evaluation. Finally, we calculated the total corrected 215 score by arithmetic means and classified cases into different severity 216 groups as: normal (≤25% of the total score), mild (25-50% TS), moderate 217 (50-75% TS) and marked (>75% TS). taken into account that indicated that these cells were indeed mature 230 granulated mast cells as described before (30). The results were subjected to SPSS Statistics 22 software (SPPS Inc., 234 Chicago, IL, USA) for analysis. Cell counts were assessed for normal 235 distribution and non-parametric tests were performed. Differences 236 between cell population numbers in dogs with IBD and controls were 237 analyzed using the Wilcoxon test, and P≤0.05 was considered significant. Table 2 . 
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A summary of the distribution of frequency of sex, age (Fig 1) and 255 breed of the dogs diagnosed with IBD during the 10 years period, is 256 shown in Table 3 . Regarding healthy control dogs, 7 of them were 257 females, and 3 males, age range between 1 to 6 years and more than half 258 were crossbreed dogs. Table 4 . Table 5 ). The total number of CD3+ T 299 lymphocytes was significantly higher (p<0.001) than the total number of 300 CD79a+ B lymphocytes in the intestinal lamina propria of dogs with IBD.
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Regarding controls dogs, the total number of CD3+ T lymphocytes was Mast cells were detected in all samples by both blue toluidine staining and 313 CD117 immunophenotyping (Fig 3C and D) . The total number of CD117+ and close to the crypts (Fig 2 and Table 5 ). Fig. A (green color) and for chymase in Fig. B (red color) . Figure C of changes in a fish species (45, 46, 58) . This standardized tool for the 408 assessment of histological lesions can be applied to different organs.
409
Hereby, a similar approach was put forward to classify IBD scoring in 410 dogs. Using the proposed method, it was possible to categorize marked 411 and moderate cases regarding the traditional guideline that classifies 412 them initially as moderate and mild respectively. 
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In our study CD3+ T leucocytes were predominantly located in the 476 villous region, however, CD79a+ B cells and CD117+ mast cells were 477 located close to crypt region, very similar to other studies (61,73). There 
